Abstract. In this paper the characteristics of the annual runoffs was analyzed focusing on the Poyang lake basin in the period 1956-2012.Three non-parametric statistics (the Moving rank sum test, Pettitt test and Mann-Kendall test) were applied to detect the change-points and monotone trends in the annual runoff series. Results indicated that the change-points are in 1972, 1976, 1977, 1984 and in 1991 separately in the Poyang lake basin during the study periods, and showed non-statistically significant trends.
Introduction
The probability distribution of certain univariate hydrologic random variable was assumed to remain constant thus its characteristic parameters or probability density function can be obtained through observed data series. However, the environment has been changed due to climate variability and human activities, hence the univariate hydrologic variables may not be independently and identically distributed, which shakes the theoretical basis of traditional method, along with application in planning, designing and management of operating in hydraulic engineering, suspected. Hydrological elements tend to have a spatial and temporal variation in a changing environment. In order to understand the characteristics of hydrological elements, it is necessary to carry on the diagnosis and identification of variability of hydrological series, namely whether there is variation, where will begin to change. In this paper, we will study on the hydrology sequence variation and diagnosis in Poyang lake basin.
Study Region and Data Used
Poyang Lake Basin is situated between 28° 11′ -29° 1′ N longitude and 115° 49 ′ -116° 46 ′ E latitude. The basin varies from 12-18 m above sea level, and is located on the south shore of the Yangtze River, in the northern part of Jiangxi Province. The lake receives water flows mainly from the five rivers: Xiushui River, Ganjiang River, Fuhe River, Xinjiang River, and Raohe River and discharges into the Yangtze River through a channel in its northern part (Fig. 1) . The total drainage area of the water systems is 16.22×104 km 2 . The topography in the basin varies from highly mountainous and hilly areas to alluvial plains in the lower reaches of the primary watercourses. Poyang Lake basin has a subtropical wet climate characterized with a mean annual precipitation of 1,680 mm for the period of 1960-2007 and annual mean temperature of 17.5 °C.
The time series of regional means of climate variables for each watershed are calculated for the period from 1961-2000 to assess the impacts of climate on the stream-flow. Hydrological data used in this study is the annual runoff for each station (Table 1) .
Methods

Methods for Change-Point and Trend Monotonic Detection
Different tests have been developed to detect abrupt changes in the distribution of the variable of interest (e.g., Pettitt 1979 [1] ; Buishand 1984 [2] ; Perreault et al. 2000 [3] Wang et al. 2007 [4] ; Aksoy et al.
2008 [5] ） and monotonic trends（Wang and Fu 1992 [6] ; Kundzewicz and Robson 2004 [7] ).
Non-parametric tests to detect change-point and monotonic trend were used as that step change in the mean of the runoff sets are tested using moving rank sum test and Pettitt test, and that monotonic trends are detected using Mann-Kendall test in this study. 
(1) τ 0 , a specific point in τ, will be determined, for which the absolute value of U (|U|) reaches its maximum value, and if |U| max ＞ U α/2 , where test statistic U follows a normal distribution with significance level α, then the null hypothesis implying stationarity will be rejected, and the corresponding time of τ 0 is the change-point.
Pettitt Test. Pettitt test is a rank-based test for testing the null hypothesis of "no-change" against the alternative of "change" in the mean of the variable of interest at an unknown point in time, without assumptions about the functional forms of the distribution except for continuous, using a test statistic n n k P + − = ≤0.5, which is the significance at t 0 , then the null hypothesis implying stationarity will be rejected, and the corresponding time of t 0 is the significant change-point.
Mann-Kendall Test. The MK test is a widely used test. Test statistic S is defined as follows. For n ≥10, the test statistic S is approximate normal distribution, and its standardized test statistic Z is calculated by
The null hypothesis implying no trend will not be rejected if |Z|＜Z α/2 , where the significance level α is 0.05, and Z α/2 obtained from the standard normal cumulative distribution tables.
Results and Discussion
The Moving rank sum test, Pettitt test and Mann-Kendall test, these three non-parametric statistics methods were applied to detect the change-points and monotone trends in the annual runoff series of the Poyang lake basin in the period 1956-2012. Results indicated that the change-points are in 1972, 1976, 1977, 1984 and in 1991 separately in the Poyang lake basin during the study periods, and showed non-statistically significant trends. 1968, 1972, 1978, 1992, 2011 1968, 1974, 1979 1972, 1982, 2006, 2010 1956, 1963, 1978, 1986 1958, 1974, 1978, 1987 1954, 1964, 1975, 1977, 1953, 1954, 1968, 1977 1962, 1972, 1977, 1985 Results non-statistically significant rising trends non-statistically significant rising trends non-statistically significant rising trends non-statistically significant rising trends
Conclusions
In this study, we analysis the basic statistical regularity of hydrological sequence in Poyang lake basin, and find the runoff sequence variation characteristics and the evolution law of time and space by the way of hydrological sequence variations in the diagnosis under the changing environment in Poyang lake basin, and this work will provide a scientific basis for the drought prevention and resistance in Poyang lake basin.
Summary
The characteristics of the annual runoffs was analyzed focusing on the Poyang lake basin in this paper. Three non-parametric statistics (the Moving rank sum test, Pettitt test, Mann-Kendall test) were applied to detect the change-points and monotone trends in the annual runoff series. Results indicated that the change-points are in 1972，1976，1977，1984 and in 1991 separately, and showed non-statistically significant trends in the Poyang lake basin.
